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An experiment was performed at the National Library of
Medicine® (NLM®) in word sense disambiguation (WSD)
using the Journal Descriptor Indexing (JDI) methodology.
The motivation is the need to solve the ambiguity prob-
lem confronting NLM’s MetaMap system, which maps
free text to terms corresponding to concepts in NLM’s
Unified Medical Language System® (UMLS®) Metathe-
saurus®. If the text maps to more than one Metathesaurus
concept at the same high confidence score, MetaMap has
no way of knowing which concept is the correct mapping.
We describe the JDI methodology, which is ultimately
based on statistical associations between words in a
training set of MEDLINE® citations and a small set of
journal descriptors (assigned by humans to journals per
se) assumed to be inherited by the citations. JDI is the
basis for selecting the best meaning that is correlated to
UMLS semantic types (STs) assigned to ambiguous con-
cepts in the Metathesaurus. For example, the ambiguity
transport has two meanings: “Biological Transport” as-
signed the ST Cell Function and “Patient transport”
assigned the ST Health Care Activity. A JDI-based
methodology can analyze text containing transport and
determine which ST receives a higher score for that text,
which then returns the associated meaning, presumed to
apply to the ambiguity itself. We then present an experi-
ment in which a baseline disambiguation method was
compared to four versions of JDI in disambiguating 45
ambiguous strings from NLM’s WSD Test Collection.
Overall average precision for the highest-scoring JDI ver-
sion was 0.7873 compared to 0.2492 for the baseline
method, and average precision for individual ambiguities
was greater than 0.90 for 23 of them (51%), greater than
0.85 for 24 (53%), and greater than 0.65 for 35 (79%). On
the basis of these results, we hope to improve perfor-
mance of JDI and test its use in applications.
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Introduction and Background

Medical Text Indexer and MetaMap Application

The objective of NLM’s Indexing Initiative (National
Library of Medicine, 2004a) is to investigate methods
whereby automatic indexing methods partially or completely
substitute for current indexing practices (Aronson et al.,
2000). The prototype indexing system developed under this
initiative eventually became the Medical Text Indexer (MTI)
(Aronson, Mork, Gay, Humphrey, & Rogers, 2004), which
now actively participates in MEDLINE indexing using terms
from NLM’s Medical Subject Headings (MeSH®) thesaurus
(National Library of Medicine, 2004b). MTT indexes about
3,700 citations a day 5 nights a week. Indexers accept the
option of viewing the resulting MTI recommendations about
379 times per day, including weekends. It is estimated that
MTI recommendations are accessed by indexers during the
indexing of 20% of MEDLINE articles. MTI has also been
used as the sole indexing method for about 79,000 meeting
abstracts on human immunodeficiency virus/autoimmune
deficiency syndrome (HIV/AIDS), health services research,
and space life sciences.

MTI has as a major component the MetaMap program
(Aronson, 2001), which maps biomedical text to concepts
in the UMLS Metathesaurus (National Library of Medicine,
2004c). MetaMap is a knowledge-based method that relies
on the SPECIALIST Lexicon (a component of the UMLS)
and an underspecified syntactic parser to identify noun
phrases in biomedical text. The best match between a noun
phrase and a Metathesaurus concept is computed by ac-
commodating lexical variation in the input phrase and al-
lowing partial matches between the phrase and concept. A
confidence score is assigned to each mapping to reflect the
closeness of match of the input noun phrase to the target
Metathesaurus concept. For example, the phrase between
the blastocyst trophectoderm in the following sentence

JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE AND TECHNOLOGY, 57(1):96—-113, 2006



from a MEDLINE abstract:

sl In the mouse, the process of implantation is initiated by
the attachment reaction between the blastocyst trophec-
toderm and uterine luminal epithelium that occurs
at 2200-2300 h on day 4 (day 1 = vaginal plug) of
pregnancy.

maps to only one Metathesaurus concept:
694 Blastocyst [Embryonic Structure]

The confidence score, 694 out of 1,000, and UMLS
semantic type (ST) for the concept, Embryonic Structure,
are provided as output. Semantic types are a set of 135 labels
in the UMLS Semantic Network for concept categories in
the biomedical domain, e.g., Disease or Syndrome, Thera-
peutic or Preventive Procedure, Body Substance, and Phar-
macologic Substance. Metathesaurus concepts are assigned
one or more STs, which form an isa link from the concept to
the ST, in this example, Blastocyst is a Embryonic Structure.

However, the phrase of implantation maps to two Metathe-
saurus concepts, both with confidence scores of 1,000:

1000 Implantation <1> (Blastocyst Implantation, natural)
[Organism Function]

1000 Implantation <2> (Implantation procedure, natural)
[Therapeutic or Preventive Procedure]

This result illustrates the problem of ambiguous mappings.
Although “Blastocyst Implantation, natural” is the correct
mapping, MetaMap has no way of choosing which of these
concepts represents the meaning of this input phrase. This
phenomenon is caused by word sense ambiguity in English,
and currently MetaMap does not choose between ambiguous
mappings. Because MetaMap is the core component of MTI,
automatic indexing of MEDLINE will be enhanced by
providing a method for resolving this kind of ambiguity.

Word Sense Disambiguation Collection

The extent of the ambiguity problem was shown in an
experiment conducted in connection with developing
NLM'’s Word Sense Disambiguation (WSD) test collection
(Weeber, Mork, & Aronson, 2001) whereby 409,337 MED-
LINE citations indexed in 1998 were run through MetaMap,
resulting in more than 34 million phrases. About 4 million
phrases (11.7%) had more than one mapping to Metathe-
saurus concepts; 94% of these cases were ambiguities in
which an exact string mapped to more than one concept.
These sorts of ambiguity became the focus of developing the
WSD test collection.

The purpose of the WSD test collection was to establish a
testbed of humanly disambiguated instances to serve as a gold
standard for evaluating automatic disambiguation methods.
From the list of ambiguous strings from the processed
phrases, 50 highly frequent ones were selected at random
from the entire 1998 MEDLINE database. Appendix A shows

all 50 ambiguities in the test collection with their respective
Metathesaurus concepts and ST abbreviations. For example,
the ambiguity fransport maps to two concepts, “Biological
Transport” with ST celf (abbreviation for Cell Function) and
“Patient transport” with ST hlca (abbreviation for Health Care
Activity). From now on we use abbreviated forms for the few
STs mentioned in the text of this article; their full forms can be
found in Appendix B, which lists the 44 ST abbreviations and
full forms represented in the test collection. Appendix C gives
a hierarchical view of these STs.

For each ambiguity, 100 instances (sentences containing
the ambiguity) were selected. Thus, there were 5,000
instances to be disambiguated by human raters. A Web-based
interface was developed to facilitate the human disambigua-
tion procedure, showing the citation with the highlighted sen-
tence containing the ambiguous string to be considered. The
actual manual task was reduced to two mouse clicks for each
instance: selecting one and only one sense or passing for the
time being. Figure 1 shows the result of the eight raters’
choices for disambiguating sl, unanimously in favor of
“Blastocyst Implantation, natural” (having ST orgf).

JDI-Based ST Indexing Applied to WSD

NLM is investigating Journal Descriptor Indexing (JDI),
a novel approach to fully automatic indexing based on
NLM’s practice of maintaining a subject index to journal
titles using journal descriptors (JD’s), which are terms
corresponding to biomedical specialties (Humphrey, 1998,
1999). JDI methodology has been extended to ST indexing
(Humphrey, Rindflesch, & Aronson, 2000), both described
in the next section. Using the preceding example, sl can be
indexed automatically by ST where each ST is ranked with a
score from O to 1 (Table 1). In this indexing, orgf (Organism
Function) ranks higher than topp (Therapeutic or Preventive
Procedure), thus indicating that “Blastocyst Implantation,
natural” (having ST orgf) is a better meaning for the sen-
tence than “Implantation procedure” (having ST topp), and
therefore the better meaning for the ambiguous string
implantation in this sentence, as is consistent with human
raters (Figure 1).

On the other hand, as seen in Figure 2, human raters
unanimously selected “Implantation procedure” (having ST
topp) for disambiguating the following sentence with the
same ambiguous string implantation:

s2  We conclude that artificial sphincter implantation is
safe, reliable, and very effective in treating inconti-
nence caused by sphincteric dysfunction in properly
selected patients.

ST indexing of s2 ranks topp higher than orgf (Table 2),
thus indicating “Implantation procedure” (having ST topp)
is a better meaning for the sentence, and therefore the am-
biguous string implantation in that sentence, also consis-
tently with human raters (Figure 2).
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TABLE 1. ST indexing of s1 “In the mouse, the process of implantation is TABLE 2. ST indexing of s2 “We conclude that artificial sphincter

initiated by the attachment reaction between the blastocyst trophectoderm

implantation is safe, reliable and very effective in treating incontinence due

and uterine luminal epithelium that occurs at 2200-2300 h on day 4 (day 1 = to sphincteric dysfunction in properly selected patients.”
vaginal plug) of pregnancy.”
Rank ST abbr Semantic Type Score
Rank ST abbr Semantic Type Score
1 diap Diagnostic Procedure 0.6238
1 orgf Organism Function 0.5897 2 topp Therapeutic or Preventive Procedure 0.6098
14 spco Spatial Concept 0.4841 3 spco Spatial Concept 0.5627
15 diap Diagnostic Procedure 0.4831 9 orgf Organism Function 0.4797
18 topp Therapeutic or Preventive Procedure 0.4591 59 aapp Amino Acid, Peptide, or Protein 0.2739
25 emst Embryonic Structure 0.4301 85 emst Embryonic Structure 0.2181
41 aapp Amino Acid, Peptide, or Protein 0.3724 119 vtbt Vertebrate 0.1349
104 vtbt Vertebrate 0.2210
A Summary for Ambiguity: implantation - Microsoft Internet Explorer
File Edit View Favorites Tools  Help
e Back - u B @ % p Search * Favarites e‘ Media @ E::'é - Z\; E iJ D “5
Address |@ hittp: fiwsd.nlm, nib, gow fRestrictediReviewsd_Resultsfimplantation finde:x, shkml v| Go Links **
T — I
(002) -- UI - 38008855 TI - Expression of betacellulin and epiregulin genes in the mouse uterus temporally by the blastocyst solely at the site of its apposition
15 comncident with the "window" of implantation. AP - IGRGTEATIELME G CR VTR implantation EREETCT B SR T G T e T ) ) s T g T
blastocyst trophectoderm and uterine luminal epithelium that occurs at 2200-2300 h on day 4 (day 1 = vaginal plug) of pregnancyfsrG el
members of the EGF family are considered unportant m embryo-uterme mteractions dunng implantation. This mvestgation demonstrates that the expression of
two additions to the family, betacelulin and epiregulin, are excuisitely restricted to the mouse werine luminal epithelium and undetlying stroma adjacent to the
inplanting blastocyst. These genes are not expressed during progesterone-maintained delayed implantation, but are rapidly switched on in the uterus
sutrounding the implanting blastocyst following termination of the delay by estrogen. These results provide evidence that expression of betacellulin and epiregulin
i the uterus reguires the presence of an active blastocyst and suggest an involvement of these growth factors in the process of mplantation. Copyright 1557
Acadernic Press
‘Choices M1 M2 ‘Noue |Result
Counts [ 8 [0 0 [ Ml
M1 - Inplantation <1> (Blastocyst Implantation, natural) [orgf, Crganism Function]
M2 - Inplantation <2> (Implantation procedure) [topp, Therapeutic or Preventive Procedure]
None - None of the Above
FIG. 1. Result of choices of eight raters who used the WSD interface to disambiguate s1, unanimously selecting “Blastocyst Implantation, natural” (having
ST orgf).

2 Summary for Ambiguity: implantation - Microsoft Internet Explorer

eBack @ -\_) @ @ i/h psaarch %Favorites eMedia 8 D/:_C' ..1_\5 E @ D .“3

Address |@ httpefivwsd.nim.nib.govRestricted/Reviewed _Results/implantationfinds:x.shtml v| Go Links

File Edit Vview Fawarites Tools  Help ?

(008} -- UT - 38039853 TI - Use of the artificial urinary sphincter in men and women. AB - There are numerous therapeutic options for treating incontinence
Implantation of an artificial gemtounnary sphincter 15 an excellent choice m cases of ncontinence due to sphincteric dysfinction. In this article we report the
Mayo Chmc data from several large senes and compare these data to other recent reviews. In addition, we review current recommendations regardng patient
selection and evaluathon. There were 458 patients who underwent implantation of an artificial sphncter, mcluding 417 men and 41 women. The overall
contmence rate was 535.2%, the reoperation rate was 23.1%, and the mechamcal rehability was 88%. Satsfaction rates were greater than S0%. \ERE TN

hat artificial sphincterpitiIE N =liNRis safe, reliable and very effective in treating incontinence due to sphincteric dysfunction in properly
selected patients.

|Choices ’ﬁ ,ﬁ |N one |Re sult

|Counts ’T,T| 0 | M2

M1 - Implantation <1> (Blastocyst Implantation, natural) [orgh, Crganism Function]
M2 - Implantation <2> (Implantation procedure) [topp, Therapeutic or Preventive Procedure]
None - None of the Above

FIG. 2. Resultof choices of eight raters who used the WSD interface to disambiguate s1, unanimously selecting “Implantation procedure” (having ST topp).
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This article describes experiments in applying JDI-based
methodology to the WSD problem using the WSD Test Collec-
tion. This methodology will be explained in the next section.

Methodology of JDI-Based ST Indexing

ST Indexing Using Word-ST Tables

Ultimately, JDI relies on ST indexing of some context in
which the ambiguous string appears, as illustrated in the pre-
vious section, where the context is the sentences containing
implantation. If a sentence can be indexed by a ranked list of
STs, and the ambiguous string in the sentence can be
mapped to two possible concepts, which have different STs
assigned to them, then the higher-ranked ST and its corre-
sponding concept “win” as representing the meaning of the
string. In other words, whichever ST ranks higher for the
context of the ambiguity is considered the better of the two
STs for the ambiguity itself; once the better ST is chosen, the
corresponding concept is also chosen.

The ST indexing used for the WSD application relies on
a word-ST table whereby each word in a training set is asso-
ciated with an ST vector consisting of 129 ST rankings,
ordered alphabetically by ST abbreviation. The training set
consists of titles and abstracts of 910,542 MEDLINE cita-
tions to articles from 3,993 journals indexed in 1999 and
2000, which contain 232,676 unique words (meeting certain
criteria such as having at least three characters, beginning
with an alphabetic character, and occurring at least twice in
the training set). Use of the JDI methodology for generating
the word-ST tables based on the training set is described
later. However, informally, an ST vector describes the
semantic context in which a word occurs.

For example, ST vectors for the words implantation,
blastocyst, and sphincter are shown in Tables 3, 4, and 5,

TABLE 3. Items in ST vector for implantation.

TABLE 5. Items in ST vector for sphincter.

Rank ST abbr Semantic Type Score
66 aapp Amino Acid, Peptide, or Protein 0.1638

1 diap Diagnostic Procedure 0.6746
100 emst Embryonic Structure 0.1068
21 orgf Organism Function 0.3584

3 spco Spatial Concept 0.5660

2 topp Therapeutic or Preventive Procedure 0.6528
118 vtbt Vertebrate 0.0518

respectively. Note: rather than display all STs, we selected the
first and last STs (aapp [Amino Acid, Peptide or Protein] and
vtbt [Vertebrate]) alphabetically by ST abbreviation; the set
of highest-ranking STs for each word (topp for implantation,
emst [Embryonic Structure] for blastocyst, diap [Diagnostic
Procedure] for sphincter); and the STs of interest for disam-
biguating implantation (orgf; topp) shown in boldface. High-
ranking STs in these examples reflect the semantic contexts in
which the words commonly occur, which have a significant
impact on word sense disambiguation. Blastocyst, for exam-
ple, most often occurs in text describing organism function, as
seen by the high rank of the corresponding ST in Table 4.
Sphincter, on the other hand, is more often associated with
procedures (high rank of topp in Table 5). The two semantic
types orgf and topp have relatively high rank in the ST vector
implantation (Table 3), which commonly occurs in both envi-
ronments. As described subsequently, our methodology relies
on computing semantic contexts for sentences containing
ambiguous strings such as implantation by using precom-
puted semantic contexts of cooccurring words in the sentence
such as blastocyst or sphincter.

Knowing the ST scores for individual words, we now can
compute a vector that is the centroid of the ST vectors for all
words in some context, such as a phrase or sentence. The
score for an ST in the centroid is the average of the rankings
for this ST across the words in the context. A display of STs

Rank ST abbr Semantic Type Score in the centroid in rank order becomes the ranked ST indexing

for the context. Table 6 shows ST indexing for the phrase

57 aapp Amino Acid, Peptide, or Protein 0.3373 blastocyst implantation where the ST scores are the average

3; diap Elaﬁ’“"“{c I;r"cedure 82?2; of the same ST scores for implantation (Table 3) and

emst mbryonic Structure . .

3 orgf Organism Function 0.6013 blastocyst (-Table 4) ; g (0.4998 [blastocyst orgf score]

1 $pCo Spatial Concept 0.7027 + 0.6013 [implantation orgf score]) + 2 = 0.5506 [blasto-

2 topp Therapeutic or Preventive Procedure 0.6937 cyst implantation orgf score]; orgf is appropriately ranked

108 vibt Vertebrate 0.1748 higher than topp for the phrase. Similarly, Table 7 shows ST
TABLE 4. Items in ST vector for blastocyst. TABLE 6. ST indexing of blastocyst implantation.

Rank ST abbr Semantic Type Score Rank ST abbr Semantic Type Score

24 aapp Amino Acid, Peptide, or Protein 0.2160 1 orgf Organism Function 0.5506

44 diap Diagnostic Procedure 0.1728 4 emst Embryonic Structure 0.5132

1 emst Embryonic Structure 0.6096 12 spco Spatial Concept 0.4340

2 orgf Organism Function 0.4998 13 topp Therapeutic or Preventive Procedure 0.4316

46 spco Spatial Concept 0.1654 16 diap Diagnostic Procedure 0.4182

45 topp Therapeutic or Preventive Procedure 0.1695 45 aapp Amino Acid, Peptide, or Protein 0.2766

41 vtbt Vertebrate 0.1780 92 vtbt Vertebrate 0.1764
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TABLE 7. ST indexing of sphincter implantation.
Rank ST abbr Semantic Type Score
1 topp Therapeutic or Preventive Procedure 0.6732
2 diap Diagnostic Procedure 0.6692
3 spco Spatial Concept 0.6344
18 orgf Organism Function 0.4798
59 emst Embryonic Structure 0.2618
62 aapp Amino Acid, Peptide, or Protein 0.2506
116 vtbt Vertebrate 0.1133

indexing for the phrase sphincter implantation where the ST
scores are the average of the same ST scores for implantation
(Table 3) and sphincter (Table 5); topp is appropriately
ranked higher than orgf for the phrase.

The same methodology is applied for computing ST
scores for the sentences containing the ambiguous string
implantation in order to select the better concept mapping
according to relative scores of STs assigned to the concepts.
In ST indexing of sl (Table 1) the higher score for orgf
(compared to topp) selects the “Blastocyst Implantation”
concept, whereas in ST indexing of S2 (Table 2) the higher
score for topp selects the “Implantation procedure” concept.

JDI Methodology for Generating Word-ST Tables

JD indexing of words. We will now describe the JDI
methodology and the way it is used for generating word-ST
tables used for ST indexing. JDI uses statistical associations
between the words in the training set and 127 JDs that index
the approximately 4000 MEDLINE journals per se in terms of
biomedical disciplines (National Library of Medicine,
2002). Table 8 shows a sample journal record (Journal Identi-
fier, Title, Title Abbreviation, Journal Descriptor) for Fertility
and Sterility in NLM’s journal (i.e., serial records) database.

Table 9 shows a sample citation (PubMed Identifier, Title,
Title Abbreviation, Journal Identifier, Source, Journal
Descriptor) from the training set, including the JD Repro-
duction, which we mapped from the journal record. Thus,

TABLE 8. NLM journal record for Fertility and Sterility showing the JD
Reproduction.

JID 0372772

TI Fertility and Sterility
TA Fertil Steril

D Reproduction

TABLE 9. Sample MEDLINE citation in the training set showing
inheritance of JD from NLM journal record.

PMID 10856474
TI Blastocyst score affects implantation and pregnancy outcome:
toward a single blastocyst transfer.
JID 0372772
SO Fertil Steril 2000 Jun;73(6):1155-8.
4D Reproduction

“*Mapped from the journal record for Fertility and Sterility (Table 8).

citations inherit JDs from journal records corresponding to
the journals in which the documents are published. Each word
in the sample title (Table 9) from the training set (including
implantation, which we emphasize) can be said to cooccur
with the JD Reproduction by virtue of this inheritance.

Because each citation in the training set inherits one or
more JDs, an association between words and JDs can be rep-
resented as the number of cooccurrences of each word with
each JD in the citations in the training set. The JD scores for
implantation can be expressed by the ratio of the number of
citations in which implantation cooccurs with the JD, di-
vided by the total citation count for implantation. The 127
JD scores for implantation, ordered alphabetically by JD,
form a JD vector. For example, part of the JD vector for im-
plantation is shown in Table 10. Note: Rather than display
all JDs, we selected the first and last JDs alphabetically
(which, incidentally, never cooccur with implantation) and
the five highest-ranking JDs.

We therefore can assign JDs as indexing terms to some
text on the basis of the words in it. Analogously to ST in-
dexing that uses ST vectors, we perform JD indexing by
computing a JD vector, which is the centroid of the JD vec-
tors for the words in the text to be indexed. The score for a
JD in the centroid is the average of the scores for this JD
across the words. A display of JDs in the centroid in rank
order becomes the ranked JD indexing for the text. Tables 11
and 12 show the first five JDs in the indexing of sl and s2,
respectively. The JD scores for each JD are the average of
the scores for the same JD for words in the sentences. For
example, for s1, the score for Reproduction is based on the
average of the scores for Reproduction in the JD indexing of
words taken from the sentence: implantation, attachment,
blastocyst, uterine, luminal, epithelium, vaginal, plug, preg-
nancy (allowing for conditions to ignore certain words, such
as membership in a stopwords list and nonoccurrence in the

TABLE 10. Items in JD vector for implantation.

Rank Journal Descriptor Score

109 Acquired Immunodeficiency Syndrome 0.0000
4 Biomedical Engineering 0.4067
2 Cardiology 0.6416
3 Ophthalmology 0.6405
5 Otolaryngology 0.3741
1 Reproduction 0.9044

109 Zoology 0.0000

TABLE 11. JD indexing of s1 “In the mouse, the process of implantation is

initiated by the attachment reaction between the blastocyst trophectoderm
and uterine luminal epithelium that occurs at 2200-2300 h on day 4 (day 1 =
vaginal plug) of pregnancy.”

Rank Score Journal Descriptor
1 0.1431 Reproduction
2 0.0747 Obstetrics
3 0.0735 Gynecology
4 0.0257 Embryology
5 0.0245 Veterinary Medicine
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TABLE 12. JD indexing of s2 “We conclude that artificial sphincter im-
plantation is safe, reliable and very effective in treating incontinence due to
sphincteric dysfunction in properly selected patients.”

Rank Score Journal Descriptor
1 0.1857 Urology
2 0.0522 Gynecology
3 0.0504 Gastroenterology
4 0.0423 Obstetrics
5 0.0321 Reproduction

UMLS Metathesaurus). As shown in Table 11, the outstand-
ing JD for sl is Reproduction; in Table 12, the outstanding
JD for s2 is Urology.

Creation and JD indexing of ST documents. However, this
JD indexing as such is not useful for WSD. What we need is
ST indexing for selecting the best MetaMap concept map-
ping, as described earlier. The way we achieve this indexing
is by creating “ST documents” as documents to undergo JD
indexing, where an ST document is a set of Metathesaurus
words highly associated with a particular ST. An ST docu-
ment is created by automatically extracting one-word
Metathesaurus strings belonging to concepts assigned the
ST; this set of words consititutes the ST document. For
example, the 2002 Metathesaurus contained 187 words in
our “orgf document” (autoregulation, deglutition, healing,
locomotion, urination, etc., where these words belonged to
concepts assigned the ST Organism Function) and 1,478
words in our “topp document” (arthroplasty, bandaging,
dissection, hemodialysis, immunization, etc., where these
words belonged to concepts assigned the ST Therapeutic or
Preventive Procedure). Part of the JD vector for the latter ST
document is shown in Table 13, consisting of the five
highest-ranking JDs and the first and last JDs alphabetically.
We performed JD indexing of 129 ST documents (remaining
STs did not have enough Metathesaurus words associated
with them), resulting in a JD vector for each of them.

Similarity between word JD vectors and ST document JD
vectors. Using the standard vector cosine coefficient
(Salton & McGill, 1983), we then computed the similarity,
on a scale of 0—1, between the JD vector for each word in the
training set and the JD vector for each ST document. Each
word and its scores indicating similarity to ST documents

TABLE 13. Items in JD vector for topp (Therapeutic or Preventive Proce-
dure) document (arthroplasty, bandaging, dissection, hemodialysis, immu-
nization, etc.).

Rank Journal Descriptor Score
83 Acquired Immunodeficiency Syndrome 0.0213
4 Ophthalmology 0.3160
5 Orthopedics 0.3070

1 Otolaryngology 0.4827
3 Surgery 0.4740

2 Urology 0.4803
127 Zoology 0.0000

(in terms of JD indexing), ordered alphabetically by ST ab-
breviation, became an entry in the word-ST table (i.e., an ST
vector) used for ST indexing, as described earlier.

Looking again at Tables 3, 4, and 5, we now can interpret
the items in these ST vectors in terms of similarity to ST
documents. That is, JD indexing of implantation is more
similar to JD indexing of the topp document than of the orgf
document; JD indexing of blastocyst is more similar to JD
indexing of the orgf document than of the topp document;
JD indexing of sphincter is more similar to JD indexing of
the topp document than of the orgf document. Thus, ST
indexing selects topp when the ambiguous string implanta-
tion occurs in a context (e.g., s1) containing words with JD
indexing more similar to that of the topp document; con-
versely, ST indexing selects orgf when implantation occurs
in a context (e.g., s2) containing words with JD indexing
more similar to that of the orgf document.

Related Work

Word sense disambiguation is a difficult but crucial task
in many areas of automatic language processing, such as
information retrieval (Clough & Stevenson, 2004; Vorhees,
1998), machine translation (Brown, Della Pietra, Della
Pietra, & Mercer, 1991), and question answering (Pasca &
Harabagiu, 2001). Since the late 1950s, numerous solutions
to the ambiguity problem have been explored. The growing
interest in disambiguation methods and their performance
led to formation of SENSEVAL, an international organiza-
tion devoted to evaluation of word sense disambiguation
systems. (Edmonds & Kilgarriff, 2002; Kilgarriff &
Rosenzweig, 2000; Mihalcea, Chklovsky, & Kilgarriff,
2004). For a review of existing disambiguation methods,
which is beyond the scope of this article, see Ide and Véronis
(1998). In the following we present work related to JDI
because of either the similarity in the approach or the com-
mon domain and collection used in the experiments.

The JDI method described in this article combines a sta-
tistical, corpus-based method (2-year MEDLINE training
set) with utilization of preexisting medical domain knowl-
edge sources, JDs (National Library of Medicine, 2002) and
STs (National Library of Medicine, 2004c).

Statistical methods are based on the idea that the given con-
text determines the sense of the word. These methods rely on
learning disambiguation rules from large sense-tagged cor-
pora. Further distinction in the learning methods is based on
the manner in which the text collection is annotated with word
senses. Supervised methods that show the best performance in
many natural language processing tasks rely on extensive
high-quality manual sense tagging of large amounts of text.
This dependence restricts application of supervised methods to
tasks and domains for which resources exist. Bootstrapping the
annotation process with a smaller amount of hand-tagged data
or resorting to fully automatic unsupervised methods has been
suggested as a way to overcome the data acquisition problem
(Yarowsky, 1995). Approaches that attempt to obtain anno-
tated data but avoid manual annotation have been explored
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recently. These methods include creating a collection by for-
mulating a query using WordNet definitions of word senses
and searching the Web (Mihalcea; & Moldovan, 1999), elicit-
ing volunteer contributions using a Web-based application
(Mihalcea, Chklovsky, & Kilgarriff, 2004), and employing
text in parallel translations (Resnik, 2004).

In the spirit of avoiding costly manual annotation the JDI
method assigns JDs and subsequently STs to the text in the
training set, thus preventing a need to discover word senses
in untagged text as in clustering-based unsupervised
approaches (Pantel & Lin, 2002; Pedersen & Bruce, 1997;
Schiitze, 1992). Because JD assignment and the subsequent
steps are performed automatically, JDI is a rather sophisti-
cated unsupervised approach that creates a representation of
word senses (word-ST vectors) by using cooccurrences of
words with JDs (word-JD vectors) from the training set with
the help of ST assignments to concepts in the UMLS Metathe-
saurus. Thus, the WSD collection is not used for training.

Using the UMLS and JDs as the source of knowledge is
conceptually close to using domain-independent methods
that employ preexisting knowledge repositories, such as
machine-readable dictionaries or thesauri, for the same pur-
pose. Dictionary-based methods, pioneered by Lesk (1986),
compare the dictionary definitions of the word senses with
the words in the context. These methods differ in the types of
source used and the ways in which similarity between the
sense representation and the word context is measured and
in general do not have the benefit of the sense assigned to the
training set provided by JDs. Yarowsky (1992) developed a
statistical model based on categories of Roget’s Interna-
tional Thesaurus and text of the Grolier Encyclopedia.
Liddy and Paik (1993) and Liddy, Paik, and Woelfel (1993)
use Subject Field Codes (SFCs) from Longman’s Dictionary
of Contemporary English (LDOCE); however, the codes are
manually assigned to each word in the dictionary by lexi-
cographers rather than being propagated, as in the JDI
approach.

Domain Driven Disambiguation (Magnini, Strapparava,
Pezzulo, & Gliozzo, 2002) augments WordNet (Fellbaum,
1998) with domain labels from the Dewey Decimal Classifi-
cation to represent the context and the word senses by using
domain vectors. Interestingly the kernel-based system that
incorporates this method was one of the best performing sys-
tems in the SENSEVAL-3 English lexical sample WSD task
(Strapparava, Giuliano, & Gliozzo, 2004). This task, which
requires annotation of instances of sample words in short
extracts of text, is equivalent to the goal of the JDI method in
disambiguating MetaMap output. It may be of interest to
note that the average precision of JDI, ranging from 77.10%
to 78.73% depending on context (Table 14, as discussed in
the Results and Analysis section), is comparable to the
precision of the top-performing supervised system partici-
pating in this SENSEVAL.-3 task, which is 79.3% (Mihalcea,
Chklovsky, & Kilgarrift, 2004).

Maynard and Ananiadou (2000) use the UMLS and
Semantic Network and the strength of association between a
multiword term and its context to identify one sense for that

term in the corpus. Here again JDI of the training set permits
finer granularity of the sense assignment: i.e., the word can
be disambiguated given a paragraph or a sentence.

The idea of disambiguating terms in the biomedical con-
text by using the UMLS semantic types of unambiguous
neighboring concepts was introduced by Aronson,
Rindflesch, and Browne (1994). The availability of an exten-
sive knowledge source such as UMLS has potential to reduce
significantly or even eliminate the need for manual sense
annotation. One such unsupervised approach was studied by
Widdows and colleagues (2003), who augmented informa-
tion about concepts and semantic types with information
about cooccurring concepts also contained in UMLS. In this
approach, first all possible senses are found for each
ambiguous word. Then all conceptually related and coindex-
ing terms for each sense are extracted from the corresponding
sources (conceptually related terms can be found in the
UMLS MRREL and MRCXT files, and the UMLS MRCOC
file contains the coindexing terms). Then the local context of
the ambiguous word is examined for the presence of the
related concepts. The sense that is supported by the largest
number of related terms in the context is assigned to the
ambiguous word. This study found both precision and recall
to be better when only coindexing terms were used for dis-
ambiguation as opposed to the combination of the coindexing
and hierarchically related terms. In another unsupervised
approach Liu, Johnson, and Friedman (2002b) used the
MRREL file to annotate related concepts in MEDLINE cita-
tions automatically. The presence of conceptual relatives per-
mitted determination of the sense of the ambiguous word in a
large number of citations. The remaining citations were dis-
ambiguated by using a naive Bayes classifier trained on the
previously disambiguated texts.

Because both unsupervised methods described rely on the
presence of related concepts in the citation, they might be
sensitive to the exact wording of the text in the same manner
that the early methods that used machine-readable dictionar-
ies as the knowledge source were sensitive to the wording of
the sense definitions. The advantage of the JDI method is
that it does not require the presence